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Specification 

1. Title of the Invention: Antiglare Film 

2 . Claim(s) : 

1. An antiglare film which comprises a transparent 
plastic film and a thin antiglare film provided thereon, 
wherein said thin film is composed of a thermosetting 
resin containing a spherical organic filler and has a 
surface with fine asperity having a surface roughness of 
0.1 to 0.8 pm; the change of light transmittance caused by 
said thin film is within 10% of that of the plastic film; 
and cloudiness of the antiglare film is 10 to 80 times 
that of the plastic film. 

2. The antiglare film as claimed in Claim 1, wherein the 
spherical organic filler has an average particle size of 1 
to 6 pm and is contained in an amount of 5 to 20% by 
weight to the thermosetting resin. 

3. The antiglare film as claimed in Claim 1 or Claim 2, 
wherein the thermosetting resin is a thermoset material 
comprising a thermosetting acrylic resin and a 
thermosetting me 1 amine resin. 

3. Detailed Description of the Invention: 
Industrial Field of Application 

The present invention relates to an antiglare film, 
particularly to an antiglare plastic film having an 
improved scratch resistance. 
Prior Art 

It is well known that glass products, plastic films, 
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etc. having a gloss surface cause the specular surface 
reflection phenomenon to make .it difficult to see objects 
behind them or images through them, or to cause 
unpleasantness or tiredness of eyes. It is, for example, 
often experienced in our daily life that a reflected image 
of a window or fluorescent light on the specular surface 
is superposed on an image on a Braun tube causing 
difficulty in seeing the image on the Braun tube itself. 
This is also experienced when images or graduations are 
looked through glass cases. Such specular surface 
reflection phenomenon has been a problem in various fields, 
especially in the cases of cover glass of display cases, 
frames, watches and clocks, measuring instruments, 
indication boards, etc., light indication surfaces or 
their front panels of Braun tubes, liquid crystal displays, 
light-emitting diode displays, and the like. Thus, 
studies have been made to prevent this problem, and 
various methods for this purpose have been proposed. 

The prevention of the specular surface reflection 
phenomenon, in other words, glare reduction, can be 
achieved by reducing the lightness of the reflected image 
of an outside light source, clearness and the like. For 
example, 

(1) A method in which a thin film of a metal oxide, 
fluoride, etc. is provided on the surface of a light 
transmitting body so that the lightness of the 
reflected image can be reduced due to the light 
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interference phenomenon . 

(2) A method in which a specific dye or pigment is 
incorporated in a light transmitting body so that the 
lightness of reflection can be reduced due to the 
light absorption phenomenon. 

(3) A method in which fine asperities are provided or a 
thin film having fine asperities is provided on the 
surface of a light transmitting body to scatter the 
light so as to reduce clearness of the reflected image. 

Although the first method is useful for reducing the 
clearness of the reflected image, it is difficult to 
reduce the rate of reflection to 0 over the whole range of 
the visible rays. It is, therefore, practically 

inevitable that a part of the reflected image should 
remain . 

The second method is useful for a certain purpose, 
for example, when it is applied to a front panel for a 
light -emit ting indication device. However, in case that a 
dye or pigment, etc. is incorporated in such an amount as 
to remove the reflected image, resolution of the 
transmitted image becomes too deteriorated. 

The third method is effective in reducing the 
clearness of the reflected image. For this purpose, it 
has been practised to apply a coating containing silicon 
oxide particles as a means to form fine asperities. 
However, it is difficult to form fine asperities which are 
uniform and excellent in their antiglare properties. The 
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above coating, for example, uses the secondary aggregates 
of silicon oxide which can not be easily dispersed so that 
the quality of the coating is unstable or the shape of the 
particles are unstable to thereby cause remarkable 
variation of the surface asperities of the thin film to be 
obtained. This results in deteriorating even the 

resolution of the transmitted image. 

It is, thus, desired to improve these points. 
Further, when antiglare properties are imparted to plastic 
films, they are required to have such properties as 
resistance to breakage and scratch, antistatic properties, 
humidity clouding resistance and so on, depending upon the 
use. They are also required to be flexible so that they 
may be prevented from breakage or may be installed at a 
curving part. 
Object of the Invention 

An object of the invention is to provide an 
antiglare plastic film which satisfies the above-described 
requirements . 

Constitution of the Invention 

According to the invention, the object of the 
invention can be achieved by an antiglare film which 
comprises a transparent plastic film and a thin antiglare 
film provided thereon, wherein the thin film is composed 
of a thermosetting resin containing a spherical organic 
filler and has a surface with fine asperities having a 
surface roughness of 0.1 to 0.8 pm; the change of light 
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transmittance caused by the thin film is within 10% of 
that of the plastic film; and the cloudiness of the 
antiglare film is 10 to 80 times that of the plastic film. 

Examples of the plastic films to be used in the 
invention include such films excellent in transparency as 
those of polystyrene, polymethyl acrylate, polycarbonate , 
polyacetate, polysulfone, polyester, etc. Among these, a 
polyester film, especially an orientated polyester film, 
is preferable. Of such polyesters, linear polyesters 
having a high melting point and high crystallinity which 
are synthesized by using an aromatic dibasic acid such as 
terephthalic acid, isophthalic acid, 2 , 6 -naphthalene - 
dicarboxylic acid, 4 , 4 ' -diphenyldicarboxylic acid, etc. or 
an ester forming derivative thereof, and a diol such as 
ethylene glycol , propylene glycol , 1 , 3-propanediol , 1,4- 
butandiol , neopentylglycl , 1 , 5-pentanediol , 1 , 6-hexanediol , 
1 ,4-cyclohexanedimethanol , etc. or an ester forming 
derivative thereof, are desirable. 

Specific examples of such polyesters include 
polyethylene terephthalate , polyethylene isophthalate , 
polybutyrene terephthalate , polyethylene -2 , 6-naphthalate , 
poly (1,4 -cyclohexylenedimethylene) terephthalate , and so on . 
Further, copolymers or blends of these may be usable. 
Among these, polyethylene terephthalate is especially 
preferable. In the case of these polyester films, it is 
well known that the films having a high light 
transmittance and excellent transparency with low 
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cloudiness are obtainable by choosing suitable inorganic 
particles to be added at the stage of forming films. In 
addition, when polyester films are coated with a coating 
of an organic solvent type, they cause less deterioration 
to a solvent or little swelling and are excellent in their 
mechanical properties. It is preferable that such plastic 
films have a light transmittance of not less than 80%, 
more preferably not less than 85%. 

The thin antiglare film can be essentially obtained 
by providing on a transparent plastic film a coating 
comprising a surface hardening binder, organic particles 
(filler) and a solvent, and thermally setting the binder. 
On this occasion, a dispersing agent such as a surface- 
active agent, etc. can be incorporated to improve the 
dispersibility of the filler. Also, small amounts of a 
sedimentation prevention agent, wetting agent, leveling 
agent, etc. can be added. 

The foregoing surface hardening binder is a 
thermosetting resin such as a phenol resin, amino resin, 
epoxy resin, thermosetting acrylic resin, unsaturated 
polyester resin and the like. Also, the binder may be a 
compound or a mixture of the above thermosetting resin 
with a polyurethane resin, alkyd resin, etc. which hardens 
by reacting with it. 

Specific examples thereof include a combination of a 
melamine resin, urethane resin and alkyl resin, that of a 
thermosetting acrylic resin, polyester resin and melamine 
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resin, that of an epoxy resin and melamine resin, and the 
like. Among these, the one having a higher light 
transmittance is desirable. 

The filler has an effect of forming fine asperities 
of the thin film to cause scattering of the reflected 
light. The scattering of the light, however, occurs not 
only as above but also on the surface of the filler within 
the thin film. This latter scattering is affected by the 
shape of the filler used, refractive index (the difference 
between the refractive index of the binder and that of the 
filler) , etc. Since it causes disturbance of a 

transmitted image to deteriorate the clearness of image, 
it should be avoided as much as possible. Further, when 
the filler absorbs the light of a certain wavelength, the 
transmitted light is made to have a tint. It is therefore 
desirable that the filler is made of a material having 
less light absorption. As the organic filler used in the 
invention, a spherical organic filler having a refractive 
index close to that of the binder is preferred. Examples 
of such a filler include a nylon resin, styrene resin, 
polymethyl methacrylate resin and bezoguanamine resin. Of 
these, transparent ones are particularly preferred. The 
average particle size of such a spherical organic filler 
is preferably from 1 to 6 ym. In case that the average 
particle size is too small, the surface shape of the thin 
film becomes too flat and exhibits no antiglare effect. 
While, when the average particle size is too large, the 
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asperities of the thin film's surface become too large and 
the amount of the binder that is needed to enclose the 
fillers becomes large as well. This results in a thick 
coating which is undesirable since the coated film badly 
curls up when thermally set. The amount of the organic 
filler to be added is desirably from 5 to 20% by weight to 
the binder. In case that this amount is too small, the 
reflected light gets too strong and deteriorates the 
antiglare effect although the light transmittance is high. 
On the other hand, when the amount is too large, the 
fillers get aggregated or asperities on the coated film's 
surface become irregular. This means that the scattering 
component gets too much to the light transmission 
resulting in cloudiness due to extreme haze and marked 
deterioration of the transparency. 

Coating to form a film as above on a plastic film is 
carried out by the conventionally known methods such as 
bar coating, doctor blade coating, reverse coating, 
gravure coating, comma coating, and the like. The dry 
thickness of the coating is preferably within the range of 
from 1 to 10 mn from the viewpoints of the coated film's 
resistance to scratch and adhesion of the filler. In case 
that the coated film is too thick, it badly curls up due 
to shrinkage caused when it is thermally set. Thermal 
setting of the coated film may be carried out either at 
the same time with drying of the layer underneath or 
separately. In the former case, the temperature at 130°C 
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or higher is preferable for thermal setting although it 
depends on the heat resistance (dimensional stability 
during heating) of the plastic film. In case that the 
coated film is thermally set separately from the layer 
underneath , it is better to dry the film at a temperature 
lower than the above and then let it set at the above- 
described temperature. Though the time required for this 
thermal setting varies slightly depending on the setting 
speed of the resin used, it is usually about 5 to 10 
minutes at 130°C, and about 2 to 4 minutes at 150°C. 

* By choosing the foregoing conditions, a thin film 
having fine asperities with a surface roughness of 0.1 to 
0.8 pm can be formed on a plastic film. This thin film 
exhibits an excellent light transmittance by changing the 
light transmittance of the plastic film only by 10% or 
less, and has a light scattering ability to give the 
cloudiness of the finished film being 10 to 80 times that 
of the plastic film. The glare reduction due to this 
light scattering is to be 100% or less, preferably 80% or 
less according to the measuring method described later. 
In case that this value gets higher, the antiglare effect 
becomes undesirably deteriorated. 

The antiglare film of the invention can be deposited 
with a metal or provided with a thin film of a fluorine 
compound on its surface or its backside for reflecting 
ultraviolet or preventing static electricity. 
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Effect of the Invention 

The transparent antiglare film according to the 
invention is excellent in its antiglare properties and 
scratch resistance as well as flexibility. The film, 
therefore, can be advantageously used as an antiglare 
covering film for such products of which specular surface 
reflection phenomenon particularly matters as Braun tubes, 
measuring instruments , display panels, liquid crystal 
displays, light-emitting diode displays and the like. It 
can be also used as a front panel (a front film) for 
light-emitting display devices, liquid crystal displays, 
measuring instruments, indication boards and the like. 
Example 

The invention will be explained below by way of 
Examples. The measurements of various properties of the 
coated film were carried out according to the following 
methods . 

(1) Surface roughness (Ra value) : 

A needle touch type surface roughness meter (Surcon 
8B) manufactured by Tokyo Seimitsu Co. was used. A needle 
having a radius of 2 p under a load of 0.1 g was run over 
the surface of the coated film and let it draw a chart 
enlarged by 50 times to the standard longitudinal 
direction and by 2,000 times to the vertical direction to 
the surface thereof. The measured length L (L = 2 mm) 
portion was taken out in the central line direction of the 
obtained chart. The central line of this portion was 
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regarded to be axis X, the longitudinal direction to be 
axis Y and roughness curve to be Y = f (X) . The value 
obtained according to the following equation was indicated 
by the unit of p and regarded to be Ra value. 

P L 

Ra = I f(X)| dx 

L 

J o 

(2) Light transmit tance and cloudiness (haze) : 

The light transmit tance and cloudiness (haze) of the 
film were measured according to JIS K-7105 (1981) by using 
an integrating sphere type light transmission apparatus 
("Haze meter NDH-2D" manufactured by Nippon Denshoku Kogyo 
Co • ) . 

(3) Degree of glare reduction: 

The degree of glare reduction was calculated from 
the reflection strength C s at an angle of incidence of 20° 
according to JIS K-7105 (1981) . 

The reflection strength was measured by a gloss 
measuring apparatus ( M Gloss meter GM-3M" manufactured by 
Murakami Shikisai Laboratories) . 

Degree of glare reduction G s (20) = / Co x 100 
£o = reflection strength of the 

standard board (black board) 
£o m reflection strength of the sample 

( 4 ) Penci 1 hardness : 

According to JIS K-5400 (1979) , pencils of various 
degrees of hardness were made to scratch the film surface 
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at an angle of 90° with a load of 1 Kg, and the hardness 
of the pencils when scratches were caused on the surface 
was recorded. 
(5) Abrasion resistance: 

The surface of the film was brushed 3 to 4 times 
with steel wool #0000 by hand and scratches were evaluated 
wi th eyes . 

Examples 1 to 4 and Comparative Examples 1 to 3 

60 Parts by weight of a thermosetting acrylic resin 
(Trade name: xx Hitaroid 2400A" by Hitachi Kasei Co.) and 40 
parts by weight of a melamine resin (Trade name: M Melan 
20" by Hitachi Kasei Co.) as thermosetting resins were 
dissolved in 250 parts by weight of a mixed solvent of 
methyl ethyl ketone and toluene (1:1). To this solution 
were added benzoguanamine particles (Trade name: "Eboster 
M" having average particle size of 2 to 3 |jm, by Nippon 
Shokubai Kagaku Co.) in amounts shown in Table 1, and each 
mixture was subjected to ball mill dispersion for one day. 
Each of the obtained coatings was uniformly coated with a 
bar coater on the marketed polyester film (Trade name: 
^Tetron" film O-100 by Teijin Co.) to have a dry thickness 
of 3 to 5 |im and dried at 150°C for three minutes for 
thermal setting. 

The results of the property tests of the obtained 
films are shown in Table 1. 

It is known from the results in Table 1 that the 
films of Examples 1 to 4 have excellent antiglare 
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properties and abrasion resistance as well as high light 
transmittance, and that they are useful as antiglare films. 
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Examples 5 to 7 and Comparative Examples 4 and 5 

To the thermosetting binder solution in Example 1 
were added spherical cross-linked styrene particles (Trade 
name: M Fine pearl 3000F" by Sumitomo Chemical Co.) having 
an average particle size of 5 p in amounts shown in Table 
2 and prepared into coatings by ball mill . 

Each of the coatings was uniformly coated on the 
same polyester film as the one used in Example 1 to have a 
dry thickness of 5 to 6 |im, and dried for three minutes 
for thermal setting. The results of the property tests of 
the obtained coated films are shown in Table 2. 

From the results in Table 2, it is known that the 
films of Examples 5 to 7 has excellent antiglare 
properties and abrasion resistance as well as high light 
transmittance, and that they are useful as antiglare films. 
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